Introduction
[2] A substorm onset is regarded as an impulsive unloading of previously stored energy in the magnetospheric tail [e.g., Rostoker et al., 1987; Baker et al., 1996] . The associated precipitation of energetic charged particles marks the conjugate ionospheric footprints of the active magnetotail region. Optical observations of auroral activity are therefore a suitable mean for investigating important properties of a substorm [Elphinstone et al., 1995] . Particularly suitable for that purpose are the global auroral observations of the IMAGE spacecraft. In a dedicated survey auroral break-ups have been identified in the IMAGE-FUV data [Frey et al., 2004; Frey and Mende, 2007] including both the northern and southern hemisphere. For the years 2000 through 2005 these authors compiled a list of over 4000 events well distributed over all seasons.
[3] An issue, still under debate, is the main trigger mechanism for a substorm onset. The different underlaying models for internal or external triggers have been discussed elsewhere [e.g., Lui, 1996; Lyons, 1996; Shiokawa et al., 1998] . In this study we will make use of the large collection of substorm events compiled in the above mentioned list to address some of the open questions in a statistical approach. The advantage of looking at average properties compared to event studies is that several aspects can be considered simultaneously. In particular, we will try to find out the solar wind and interplanetary magnetic field (IMF) configurations preceding the substorm onset and search for conditions which may control the trigger level. This includes the question whether the ionospheric conditions also have a control on the occurrence of a break-up.
[4] In the sections to follow, we first introduce the data set of substorm events and solar wind data used here. Then we present the observed occurrence frequency in a monthby-universal time frame. Finally, we discuss the occurrence distribution in the context of solar wind conditions and ionospheric conductivity.
Data Sets
[5] For this study we have made use of the event list of the substorm onset times and locations observed by IMAGE-FUV [Frey et al., 2004; Frey and Mende, 2007] . A detailed description of the instrument on board the IMAGE spacecraft and how to determine auroral substorm onsets from the FUV instrument can be found in the work of Frey et al. [2004] . In the northern hemisphere the data covers the period from May 2000 (start of the regular IMAGE-FUV operations) through December 2003, while in the south it spans January 2004 to December 2005. The compiled list of substorm onset times and locations covers all seasons quite evenly. For the months April and October in the southern hemisphere and April in the northern hemisphere there are markedly fewer entries in the event list. During these months the camera had to be deactivated for most of the time, in order to protect it against direct sunlight exposure.
[6] In addition, we use 1 min IMF and solar wind velocity data collected by the Advanced Composition Explorer (ACE) satellite. The satellite is located at the Lagrange Points (L1) $220 RE ($1.48 million km) in front of the Earth. The solar wind data have been propagated from the ACE satellite to the magnetopause (The propagation has been done by the standard procedure and is available at http://nssdc.gsfc.nasa.gov/omniweb/html/ omni2_doc.html). The solar wind parameters at the magnetopause are averaged over a 20 min period preceding the time of the onset [Gérard et al., 2004] .
Observation
[7] The large number of substorm onset events identified with the IMAGE-FUV instrument (2760 northern hemi-sphere, 1432 southern hemisphere) are a good basis for investigating average conditions associated with a break-up.
Seasonal Variation of Substorm Occurrence
[8] In this study we are particularly interested in a possible dependence of the substorm occurrence rate on the local seasons in the two hemispheres. Figure 1 shows the distribution of the occurrence frequency in a month versus universal time diagram separately for the northern and southern polar region. There seem to be certain time intervals more favorable for substorms to occur than others. We find a certain concentration during the solstices in the northern hemisphere. In the south the occurrence distribution is similar but delayed by about one month. The reduced rates during April and October are instrumental effects (see section 2). These months are omitted in the following analysis.
[9] The seasonal dependence shows in addition a clear universal time (UT) variation. During December solstice we find many substorms in the northern hemisphere within the time window 0700 -1700 UT. Opposed to that around June solstice occurrence rates maximize between 2300 -0600 UT. Very similar UT dependencies are found in the southern hemisphere. There are, however, slight shifts of the high occurrence patches to somewhat later hours.
Seasonal Variation of Merging E-Field
[10] One reason for the variation of the substorm occurrence frequency could be the change in solar wind input.
The merging electric field (E m ) has been identified in many studies [e.g., Troshichev and Lukianova, 1996; Ritter et al., 2004] as a suitable parameter for describing the solar windmagnetosphere interaction.
[11] The annual variation of E m for the years of interest is presented in Figure 2 separately for the intervals when images were taken in the two hemispheres. There is a prominent peak in late fall during both periods. This is a typical feature of the present solar cycle exhibiting strongest magnetic activity in the fall season. 2 we may conclude that this enhanced solar wind input does not lead to an enhanced substorm occurrence rate, and generally, no significant correlation between the depicted quantities can be deduced. In the next section we will try to find an explanation for the variation in occurrence rate.
Discussion
[12] The observations presented show that there is a clear dependence of the substorm occurrence rate both on season Figure 1 . Contour plot of the seasonal variation of the substorm onset occurrence frequency versus UT hours. Color code reflects the probability in percent for a substorm to occur during an hour. and longitude. The rates differ by at least a factor of 2 between minima and maxima. Interestingly, the times of high and low occurrence frequencies are virtually identical in the two hemispheres. This suggests that ionospheric conditions at the conjugate onset sites may play a role.
[13] A quantity we looked at is the ionospheric conductivity caused by solar irradiation. For the estimate of the Pedersen conductance we made use of the approach by Schlegel [1988] (for details of computation see Wang et al. [2005a] ). Since the flux tube on which the onset occurs is connected to both hemispheres, we have plotted in Figure 3 the expected fluxtube-integrated Pedersen conductance for a typical break-up location, ±66.5°MLat at 23 MLT [Wang et al., 2005b] .
[14] As expected, conductance maxima appear during the two solstices but at different UTs. When comparing Figures 1 and 3 we find a clear correlation of high substorm occurrence rates at times of low conductance. In particular, the pattern of the southern hemisphere fits well into the conductance gaps.
[15] It seems that a low ionosphere conductance enhances the occurrence rate, thus lowing the threshold for a substorm to be initiated. To test this suggestion we performed a superposed epoch analysis (SPE) with some suitable solar wind parameters. Previous studies have shown that the northward turning of the IMF B z is a typical trigger for a substorm onset [e.g., Lyons, 1996; Wang et al., 2005b] , and during times of extended southward IMF dynamic solar wind pressure pulses (either a 50% or 3nPa increase, whatever is lesser) may also trigger a substorm [Lyons et al., 2005] . We divided the event list into two groups depending on the occurrence frequency. All events occurring during the months November 1 through March 31 within the time sector 0900 -2100 UT and the months May 1 through September 30 in the sector 2100 -0900 UT go into the group 'high rate'. All events occurring during the remaining time are sorted into the 'low rate' group (2098 events in the high rate and 2094 in the low rate group). We did not differentiate between hemispheres since the intervals are the same for both.
[16] Superposed epoch analysis were performed separately for the events of the two groups using their onset times as the key times. The solar wind data used here are from the ACE satellite. They are delayed in time to account for the propagation up to the magnetopause. In Figure 4 the results are shown. Depicted are the average variations of the IMF B z component and the dynamic pressure during the hours around the onset. The B z component shows the typical variation, a minimum about 20 min before the onset and a northward turning at the onset time [e.g., Caan et al., 1975; Wang et al., 2005b] . Interestingly, the minimum in B z is significantly deeper for the 'low rate' events than for the 'high rate' group. Conversely, the dynamic pressure is on average higher before the onset of events in the unfavorable group.
[17] These observations imply that a higher trigger level for substorm onsets exists when the conductance of the associated fluxtube connecting the magnetospheric source region to the ionospheres in both hemispheres is higher. From this it can be concluded that ionospheric conditions have a direct influence on the occurrence of a substorm, the lower the Pedersen conductance of a fluxtube, the easier it is to initiate a substorm.
[18] According to Lyon's model [Lyons et al., 2005] , a larger increase in P dyn is required for current wedge formation when preceded by a smaller southward B z . We find from our analysis that the 'high rate' events are preceded by a weaker southward B z and lower P dyn enhancement, as the 'low rate' events. The results suggest that the Lyon's model should be extended by another parameter, the fluxtubeintegrated Pedersen conductance. For a quantitative description of the ionospheric influence on substorm onset it would be desirable to have besides the solar wind and magnetospheric data also the conductances at the breakup locations in both hemispheres. This may be a suitable research topic for the THEMIS project.
Summary
[19] We have found a distinct season/longitude (S/L) dependence of substorm occurrence frequencies equally valid for both hemispheres. The ionospheric conductivity seems to have a significant influence on the trigger level of an onset. Markedly reduced occurrence rates are found if one of the field line footprint regions is in sunlight. The S/L dependence causes a variation in occurrence frequency by about a factor of 2. The dependence on ionospheric conductivity can also be the reason, why pseudo-break-ups are generally observed before midnight and not after. Substorm statistics based on regional measurements are strongly biased by the S/L signature. One such example is the much lower substorm occurrence rate during summer compared to winter in the European sector. Just the opposite tendency would be expected in the Pacific sector.
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